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METHODS
Calculation of parabolic ejecta deposit volumes
Volumes of the observed parabolic ejecta deposits were determined based on the measured area of the radar-dark backslopes visible in the Magellan dataset. were calculated for radar-dark backslope regions at Alpha, Tellus, and Sudenitsa tesserae, respectively (Table DR1 ). These area values were then multiplied by a thickness estimate of 10 cm (see Campbell et al., 1992; Schaller and Melosh, 1998; Campbell et al., 2015) .
Volumes of the observed radar-dark material at Alpha, Tellus, and Sudenitsa are thus 24 km 3 , 26 km 3 , and ~17 km 3 which is only a small fraction of the total volume of ejecta produced during these impact events (Table DR1) . Total crater volume and ejecta volume were calculated using the method of Basilevsky et al. (2004) ; crater volume was estimated using a cylindrical cavity shape and ejecta volume was assumed to be half of the crater volume. These deposit volumes represent only a fraction of the total parabolic ejecta deposit, because the areas only include regions of radar-dark materials detected using Magellan SAR data.
Regardless, these calculated volumes are consistent with previous parabolic ejecta deposit estimates (Basilevsky et al., 2004) .
Calculation of eruption rates at Sudenitsa Tessera
Eruption rates were estimated from the areal coverage of preserved ejecta material at Sudenitsa Tesserae; the length (~1155 km) and width (~1275 km) of the radar-dark band of tesserae at 260°E was used to estimate the size of a parabolic deposit and the location and size of the source crater ( Supplementary Table 1; Fig. 3 ). These measurements were used to calculate other morphologic characteristics of the parabolic ejecta deposits based on linear relationships between the different variables defined by (Schaller and Melosh, 1998, their Fig. 3 ), including the maximum width of the fine-grained ejecta deposit (W max ), the width at the center longitude of the source crater (W c ), the total length of the fine-grained parabolic deposit (L T ), and the distance between the center of the source crater and the easternmost extent of the fine-grained materials (L c ).
The length of the radar-dark region was assumed to be either W c or W max , resulting in two possible parabolic ejecta deposit shapes ( Fig. 3b, c ; Table DR1 rows 3 and 4). These variables can also be used to determine the source crater diameter and location ( Fig. 3d; Supplementary Table 1) ; at Sudenitsa the source crater is between 20 and 30 km in diameter. Predicted source crater diameters were then used to determine the approximate rim height of a fresh crater using morphometric relationships from (Herrick and Sharpton, 2000) for brightfloored impact craters >15 km in diameter, giving a range in rim height from 0.05 to 0.83 km.
Two separate resurfacing scenarios for Sudenitsa are proposed in the text: (1) the finegrained ejecta and the source crater were completely resurfaced by volcanic flows, and (2) the fine-grained parabola material on the plains was eroded by aeolian processes and the source crater was removed by volcanic flows. For scenario 1, the areas of the two hypothetical parabolic ejecta deposits (Fig. 3b, c) These two average volumes were divided by the average calculated age of the parabolic ejecta deposits (35 Ma, Schaller and Melosh, 1998) , plus 3σ, to estimate eruption rates. We assume the additional 3σ to account for the potential age difference between the preservation of fine-grained ejecta in the plains and highly deformed tessera terrains. These volume and age values yield average eruption rates of 3.1 × 10 For the second scenario, where only the source crater is removed by volcanic flows (and the radar-dark parabolic ejecta is removed by aeolian processes), the areal extent of a small eruption event required to completely cover the source crater and its proximal ejecta out to 3 crater radii (Phillips et al., 1991) Magellan left-look SAR overlain with Magellan topography (4.6 km/ pixel). Table DR1 . Crater, ejecta, and radar-dark material volume estimates. a Variables defined in Schaller and Melosh (1998) .
b Radius of hypothetical source crater.
c Distance from the center of the source crater to the eastern edge of the parabolic ejecta deposit. Width of the parabolic ejecta deposit at the center longitude of the source crater.
e Total length of the parabolic ejecta deposit.
f Maximum width of the parabolic ejecta deposit.
g Measurements of the dark backslope region in Sudenitsa Tesserae used to estimate the size and location of both the source crater and the parabolic ejecta deposit.
